A Gram-stain-variable, rod-shaped, motile bacterial strain, designated S1-20 T , was isolated from marine sediment of the Yellow Sea in China. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain S1-20
The genus Virgibacillus was created by the reclassification of Bacillus pantothenticus (Heyndrickx et al., 1998; Wainø et al., 1999) as Virgibacillus pantothenticus, and the genus description was subsequently emended by Heyrman et al. (2003) . At the time of writing, the genus comprised 26 species with validly published names, including the recently described Virgibacillus soli (Kämpfer et al., 2011) , Virgibacillus alimentarius (Kim et al., 2011) , Virgibacillus campisalis , Virgibacillus halotolerans (Seiler and Wenning., 2013) and Virgibacillus oceani (Yin et al., 2015) . Members of the genus Virgibacillus were characterized chemotaxonomically by having mesodiaminopimelic acid as the diagnostic diamino acid in the peptidoglycan (except for Virgibacillus arcticus which has peptidoglycan type A1a), MK-7 as the predominant menaquinone, and anteiso-C 15 : 0 as the common major fatty acid (Niederberger et al., 2009; Carrasco et al., 2009; Kämpfer et al., 2011; Lee et al., 2012) . In this study, we report the characterization of a novel member of the genus Virgibacillus isolated from marine sediment.
Strain S1-20 T was isolated from marine sediment collected from the Southern Yellow Sea in China (388 459 N 1238 009 E) between 25 October and 20 November 2012. Samples were collected by using a 0.1 m 2 modified Gray-O'Hara box corer. A sample of subsurface sediment (collected at 5 cm depth) was stored at 220 8C until processing. Briefly, soil was shaken with sodium pyrophosphate solution and appropriate dilutions were then plated on marine agar 2216 (MA; Difco) at 25 8C. One of the pure cultures was light yellow-pigmented and was designated S1-20 T . The strain was routinely cultured on MA at 25 8C and stored as a suspension in skimmed milk (10 %, w/v) at 280 8C. Virgibacillus necropolis JCM 16509 T (Heyrman et al., 2003) , Virgibacillus carmonensis JCM 16508
T (Heyrman et al., 2003) and Virgibacillus arcticus JCM 14839 T (Niederberger et al., 2009) were routinely grown on MA at 25 8C and used as reference strains.
DNA was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA gene sequence was amplified by PCR with a pair of universal primers (Zhang et al., 2006) , cloned into the pGEM-T Easy vector (Promega), and the recombinant plasmid was propagated in Escherichia coli according to the manufacturer's instructions. Sequencing was carried out using dideoxy chain termination/cycle sequencing technology on an ABI 3730XL sequencer; ABI Big Dye Terminator kit (v3.1) was used as the sequencing kit. On the basis of pairwise comparisons of the 16S rRNA gene sequences using the recent version of the EzTaxon program (Kim et al., 2012) , strain S1-20 T had highest 16S rRNA gene sequence similarities with V. necropolis LMG 19488 T (98.1 %), V. arcticus Hal 1 T (97.7 %) and V. carmonensis LMG 20964 T (97.3 %). Multiple sequence alignments were performed using the CLUSTAL W program integrated in the MEGA software package version 6 (Tamura et al., 2013) . Phylogenetic trees were reconstructed by using the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithms in MEGA version 6.0. For the NJ and ML algorithms, genetic distances were calculated by Kimura's two-parameter model (Kimura, 1980) and the complete deletion option was used. The nearest-neighbour-interchange (NNI) was applied in the ML analysis. In MP analyses, subtree-pruning-regrafting (SPR) was used and alignment gaps were not considered. The resultant tree topologies generated from all three methods were evaluated by bootstrap analysis based on 1000 replicates. The reconstructed phylogenetic tree based on the NJ algorithm (Saitou & Nei, 1987) (Fig. 1) revealed that strain S1-20 T was grouped with members of the genus Virgibacillus, and formed a coherent cluster with V. arcticus Hal 1 T . This phylogenetic position was confirmed in the tree generated using the MP and ML algorithm (Fig. S1 , available in the online Supplementary Material).
Cell morphology was examined by phase-contrast microscopy (61000; Leitz Diaplan) and by transmission electron microscopy (Libra 120 EFTEM; Zeiss) of cells grown on MA at 25 8C. Motility was examined by microscopy (61000) and by observing spreading growth on MA soft agar plates (containing 0.3 % agar) (Süßmuth et al., 1987) . Gram-staining was tested by using the bioMérieux Gram-stain kit. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 , and cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined using API 20NE, API 20E (incubated up to 4 days) and API ZYM (incubated for 4 h) systems (bioMérieux) at 25 8C. The assimilation of a number of carbohydrates as the sole carbon source (see species description) at a final concentration of 0.2 % (w/v) was additionally tested at 25 8C in liquid culture in phosphate-buffered pH-neutral mineral medium (Zhang et al., 2010) supplemented with sea salts (3.8 %, w/v), NaCl (2 %, w/v) and vitamins. Oxidative/fermentative metabolism of glucose was determined as described by Süßmuth et al. (1987) on Hugh and Leifson's OF basal medium (1 % glucose, 0.2 % peptone, 0.1 % yeast extract, 0.5 % NaCl, 0.02 % K 2 HPO 4 , 0.008 % bromothymol blue, 3 % agar) supplemented with sea salts (S9883, Sigma). Degradation of casein, starch, pectin, polygalacturonic acid, carboxymethyl-cellulose, alginic acid and agar were tested on MA plates supplemented with appropriate substrates (0.5 %, w/v) as described by Margesin & Zhang (2013) . Aerobic growth on different media was assessed at 25 8C on MA, trypticase soy agar (TSA: 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7) and R2A. Growth under anaerobic conditions was examined after incubation for 5 days on MA supplemented with 10 mM KNO 3 at 25 8C in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions]. Growth under microaerophilic conditions was investigated at 25 8C on MA after incubation in the microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Growth at 1, 5, 10, 15, 20, 25, 30, 35, 40 and 45 8C was assessed on MA and in marine broth 2216 (MB; Difco) shaken at 150 r.p.m. Growth at 25 8C was assessed in MB (unshaken). Growth at pH 5, 6, 7, 8, 9 and 10 was determined at 25 8C in buffered MB (0.1 M acetic acid/acetate buffer for pH 5-6; 0.07 M Tris buffer for pH 7-10) in microtitre plates; growth was evaluated by measuring OD 600 . Salt tolerance was assessed at 25 8C on MA and in MB supplemented with 0-20 % (w/v) NaCl (using an increase in salt concentration of 2 %). All tests were carried out simultaneously with strain S1-20 T and the reference strains V. necropolis JCM 16509 T , V. carmonensis JCM 16508 T and V. arcticus JCM 14839 T . The morphological, physiological and biochemical characteristics of strain S1-20 T are given in the species description, and the features that differentiate the investigated strain from the reference strains are given in Table 1 .
The presence of carotenoids was examined in extracts (acetone/methanol; 7 : 2, v/v) prepared from whole cells grown at 25 8C as described by Alarico et al. (2002) and Margesin & Zhang (2013) . Absorption spectra were recorded spectrophotometrically. The absence of carotenoids was verified by the absence of absorption peaks at 452 and 479 nm in the spectra of the extracts of strain S1-20 T and all three reference strains. The presence or absence of flexirubin-type pigments was determined by flooding bacterial cells on a glass slide with 20 % (w/v) KOH (Bernardet & Bowman, 2006) . The absence of a colour change of the yellow cell biomass indicated the absence of flexirubin-type pigments. The pigmentation of strain S1-20 T is thus caused neither by carotenoid nor by flexirubin-type pigments.
The peptidoglycan of strain S1-20 T , V. necropolis DSM 14866 T and V. carmonensis DSM 14868 T was isolated by mechanical disruption of cells followed by trypsin digestion as well as treatment with sodium dodecylsulfate, and the structure was elucidated according to published protocols (Schumann, 2011) . Amino acids and peptides in cell-wall hydrolysates were analysed by two-dimensional TLC on cellulose plates by using previously described solvent systems (Schleifer, 1985) . The molar ratios of the amino acids were determined by GC (GC 14A; Shimadzu) and GC/MS (320-MS Quadrupole GC/MS; Varian) of N-heptafluorobutyryl amino acid isobutyl esters.
The peptidoglycan of strain S1-20 T contained the amino acids lysine, aspartic acid, glutamic acid and alanine in the approximate molar ratio 0.8 : 0.9 : 1.0 : 1.4. Reduced amounts of lysine and aspartic acid were due to the occurrence of the peptide L-Lys-D-Asp which was only incompletely hydrolysed (6M HCl, 120 8C, 16 h). Dinitrophenylation revealed that aspartic acid represents the N-terminus of the interpeptide bridge. Strain S1-20 T shows the peptidoglycan type A4a L-Lys-D-Asp (A11.31 according to https://www.dsmz.de/catalogues/cataloguemicroorganisms/groups-of-organisms-and-their-applications/ peptidoglycans.html). The peptidoglycan structure of strain S1-20
T differed from those of the close phylogenetic neighbours V. necropolis DSM 14866 T and V. carmonensis DSM 14868
T , which were determined to be of the types 
Virgibacillus olivae E308 T (DQ139839)
Virgibacillus salexigens C-20Mo T (Y11603)
Virgibacillus sediminis YIM kkny3 T (AY121430)
Virgibacillus xinjiangensis SL6-1 T (DQ664543)
Virgibacillus halophilus 5B73C T (AB243851)
Virgibacillus soli CC-YMP-6 T (EU213011)
Oceanobacillus iheyensis HTE831 T (AB010863)

Ornithinibacillus bavariensis WSBC 24001 T (Y13066)
Ornithinibacillus californiensis MB-9 T (AF326365)
Bacillus subtilis NCIMB 3610 T (X60646)
Aquibacillus albus YIM 93624 T (JQ680032)
Gracilibacillus halotolerans NN T (AF036922)
Halobacillus halophilus D.-C. Zhang and others catalogues/catalogue-microorganisms/groups-of-organismsand-their-applications/peptidoglycans.html), respectively. The third relative, V. arcticus, differed from strain S1-20 T in displaying the peptidoglycan type A1a L-Lys directly cross-linked (A11 according to https://www.dsmz.de/catalogues/cataloguemicroorganisms/groups-of-organisms-and-their-applications/ peptidoglycans.html; Niederberger et al., 2009) . The peptidoglycan compositions of species of the genus Virgibacillus are rather diverse while the peptidoglycan structure is usually considered a genus-specific feature in other Grampositive bacteria, for example in many members of the order Micrococcales (Schumann et al., 2009 ).
For fatty acid methyl ester analysis, strain S1-20 T and the reference strains V. necropolis JCM 16509 T , V. carmonensis JCM 16508 T and V. arcticus JCM 14839 T were grown on MA at 25 8C for 2 days. All four strains shared similar growing behaviour and a sufficient amount of cells of comparable physiological age could be harvested from the third streak-quadrant of the MA plates after cultivation under the applied conditions. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.1) (Sasser, 1990) , using the database TSBA6 for calculation. Fatty acid analyses were carried out by the Identification Service of the Leibniz Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. The predominant cellular fatty acids (.10 % of total fatty acids) of strain S1-20 T were anteiso-C 15 : 0 (61.9 %) and anteiso-C 17 : 0 (20.0 %). Thus, the fatty acid profiles of strain S1-20
T resembled those of other species of the genus Virgibacillus (Heyrman et al., 2003; Niederberger et al., 2009; Lee et al., 2012) . However, strain S1-20
T contained higher amounts of anteiso-C 17 : 0 and iso-C 16 : 0 compared to other species of the genus Virgibacillus. Details of the fatty acid profiles of strain S1-20 T and the reference strains are available as Table S1 .
Respiratory quinones were extracted and purified according to Collins (1985) and were analysed by HPLC (Wu et al., 1989) using MK-7 from V. necropolis JCM 16509 T as a reference. The predominant menaquinone of strain S1-20 T was MK-7 (99 %) with minor amounts of MK-6 (1 %) also present, which is in agreement with the genus description (Heyrman et al., 2003; Niederberger et al., 2009; Lee et al., 2012) . Polar lipid profiles were analysed according to Tindall (1990a, b) . The polar lipid profile of strain S1-20 T contained diphosphatidylglycerol, phosphatidylglycerol, five unidentified phospholipids, one unknown aminophospholipid and an aminolipid (Fig. S2) . The major polar lipid components of strain S1-20 T (diphosphatidylglycerol and phosphatidylglycerol) were the same as those of the nearest phylogenetic neighbours, V. necropolis (Heyrman et al., 2003) , V. carmonensis (Heyrman et al., 2003) and V. arcticus (Niederberger et al., 2009 ). However, phosphatidylethanolamine as one of the major polar lipid components was found in other species of this genus, such as V. soli (Kämpfer et al., 2011), Virgibacillus salarius (Hua et al., 2008) and Virgibacillus dokdonensis (Yoon et al., 2005) .
The DNA G+C content was determined using the thermal denaturation method (Marmur & Doty, 1962) using Escherichia coli K-12 as the calibration standard. The genomic DNA G+C content of strain S1-20 T was 38.3 mol%, which is inside the range reported for the type strains of other species of the genus Virgibacillus (Heyrman et al., 2003) . This value was higher than those of V. salarius (37.3 %), V. necropolis (37.3 %), V. arcticus (38.2 %) and Table 1 . Phenotypic characteristics that differentiate strain S1-20
T from type strains of the phylogenetically closest related species of the genus Virgibacillus Strains: 1, S1-20 T ; 2, Virgibacillus arcticus JCM 14839T; 3, Virgibacillus carmonensis JCM 16508T; 4, Virgibacillus necropolis JCM 16509T. All data are from this study. All strains are motile and positive for aerobic growth, catalase, oxidase and gelatinase. All strains are positive in API ZYM tests for alkaline phosphatase, esterase (C4), naphthol-AS-BIphosphohydrolase, a-glucosidase and a-chymotrypsin, but negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, agalactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. All strains are positive on agar plate tests for degradation of casein, but negative for degradation of starch, pectin, polygalacturonic acid, alginic acid and carboxymethyl-cellulose. All strains are negative for anaerobic growth, nitrate reduction to nitrite and growth on TSA. All strains are negative in API 20E and API 20NE tests for arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, citrate utilization, indole production (tryptophan deaminase), aesculin hydrolysis and H 2 S production, and in API 20NE tests (supplemented with sea salts) for fermentation of glucose and assimilation of d-glucose, l-arabinose and phenylacetic acid. +, Positive; 2, negative; w, weak. lower than those of V. carmonensis (38.9 %) and V. campisalis (39.5 %) (Heyrman et al., 2003; Hua et al., 2008; Niederberger et al., 2009; Lee et al., 2012) .
DNA-DNA hybridizations were done by the liquid renaturation method (De Ley et al., 1970) as modified by Huss et al. (1983) . DNA-DNA hybridizations were carried out in 26 SSC at 66 8C and each determination was done in triplicate. Experiments were performed at 260 nm with a model Lambda 35 UV/VIS spectrometer equipped with a Peltier System (PTP 1+1) (Perkin-Elmer). The DNA-DNA hybridization experiments revealed that strain S1-20 T shared 33 % DNA-DNA relatedness with V. necropolis JCM 16509
T , 24 % with V. arcticus JCM 14839 T and 37 % with V. carmonensis JCM 16508 T . All these values were well below the 70 % cut-off point recommended for the assignment of strains to the same genospecies (Wayne et al., 1987) .
Data presented in this study demonstrate that strain S1-20 T is a member of the genus Virgibacillus and is distinguished from its phylogenetic neighbours by the peptidoglycan structure A11.31, by higher amounts of anteiso-C 17 : 0 and iso-C 16 : 0 in the cellular fatty acid pattern and by its inability to utilize a wide range of carbon sources as the sole carbon source. Thus strain S1-20
T represents a novel species of the genus Virgibacillus, for which the name Virgibacillus flavescens sp. nov. is proposed.
Description of Virgibacillus flavescens sp. nov.
Virgibacillus flavescens (fla.ves9cens. L. part. adj. flavescens becoming yellow).
Cells are Gram-stain-variable (young cells stain Grampositive) rods, 0.6-0.7|1.9-2.2 mm in size after 2 days at 25 uC on MA, often occur in pairs, and have flagellar motility (Fig. S3) . Colonies on MA are yellow, shining, circular and flat with slightly irregular margins. Carotenoid and flexirubin-type pigments are absent. Grows under aerobic and microaerophilic conditions, but unable to grow under anaerobic conditions. Grows at 1-30 uC but not at 35 uC on MA and in MB. Grows at 25 uC in buffered MB at pH 7-9, on MA supplemented with 0-16 % (w/v) NaCl and in MB supplemented with 0-20 % (w/v) NaCl. Weak growth is observed on R2A and no growth occurs on TSA at 25 uC. Positive for cytochrome c oxidase, catalase, alkaline phosphatase, esterase (C4), leucine arylamidase, chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-glucosidase and hydrolysis of casein (skimmed milk) and gelatin. Negative for nitrate reduction to nitrite, urease, esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, tryptophan deaminase, indole production, H 2 S production, citrate utilization and hydrolysis of aesculin. Negative for degradation of starch, pectin, polygalacturonic acid, carboxymethyl-cellulose, alginic acid and agar. In the API 20NE system supplemented with sea salts, negative for assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Grows in mineral medium supplemented with yeast extract. Negative in manual tests for utilization of D-glucose, D-xylose, D-mannose, cellobiose, maltose, lactose, sucrose, L-arabinose, glycerol, D-fructose, D-xylose, DL-lactate, trehalose, galactose, N-acetylglucosamine, succinate, fumarate, pyruvate, glycine, phenylalanine and arginine as sole carbon sources. Negative for glucose fermentation. The peptidoglycan is of the type A4a L-Lys-D-Asp (A11.31). The predominant cellular fatty acids are anteiso-C 15 : 0 and anteiso-C 17 : 0 . The polar lipid profile contains diphosphatidylglycerol, phosphatidylglycerol, five unidentified phospholipids, one unknown aminophospholipid and an aminolipid. The predominant menaquinone is MK-7.
The type strain is S1-20 T (5LMG 28381 T 5DSM 29015 T ) and was isolated from marine sediment of the Southern Yellow Sea, China. The genomic DNA G+C content of the type strain is 38.3 mol%.
